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© Method for preparation or extracting amino acids from manure. 



© A method is provided for preparing or extracting 
amino acids, in particular L-amino acids such as L- 
lysine and L-methionine from manure. Manure of 
domestic farm animals is inocutted with bacteria 
which are capable of producing the amino acids 
mentioned. The bacteria are allowed to grow in the 
manure and the reaction mixture is worked up after 
the fermentation. 
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Method f r preparing r extracting amin acids from manure 



The invention relates to a method for preparing 
or extracting amino acids, in particular L-amino 
acids such as L-lysine (hereinafter referred to as 
lysine) and L-methionine (hereinafter referred to as 
methionine) from manure, in particular from semi- 
liquid pig manure. 

In our Western community life, animal excre- 
ments form an ever more pressing problem. Inten- 
sive livestock breeding, in particular pig farming, 
produces large quantities of manure which cannot 
be adequately disposed of in agriculture in the 
immediate vicinity. Transportation to outlets at a 
greater distance from the points of production in- 
volves high costs. Another possible way of solving 
the manure problem or, at any rate, keeping it in 
check, is a suitable treatment of the manure, the 
manure being converted into products which are 
not harmful or are less harmful to the environment 
or which may possibly even be used beneficially. 
In this connection, it is worth considering, for exam- 
ple, anaerobic fermentation, aerobic stabilization 
and production of biomass. 

Anaerobic fermentation yields a methane-rich 
gas which can be used to cover the cost of said 
process wholly or partially. However, this does not 
solve the nitrogen problem and other problems 
associated with the manure problem, such as the 
phosphate problem. The effluent from the an- 
aerobic purification still contains the nitrogen, prin- 
cipally in the form of ammonia and, moreover, 
phosphates and copper salts. 

Aerobic stabilization is relatively expensive be- 
cause of the oxygen requirement of the process. 
The nitrogen is partially fixed in the form of cell 
material. The sludge produced may in certain 
cases be used as an animal fodder constituent. 

The production of biomass from manure by 
means of protein-rich microoganisms, for example 
yeasts, is a variant of aerobic stabilization in which 
selected microorganisms are used. It is a relatively 
expensive process. The product (the sludge) has a 
certain nutritional value but the content of useful 
nutrients is relatively tow so that its use is not 
-attractive and, in certain cases such as, for exam- 
ple modem factory farming, is even prohibitive for 
that reason. If it is intended to obtain a product with 
a higher beneficial nutritional value in the produc- 
tion of biomass from manure, the manure will first 
have to be separated, for example, into th water- 
soluble and the water-insolubl portion, and the 
biomass production will hav to b carried out with 
the wat r-soluble portion in order, in this manner, 
to achieve separation of the valuable biomass from 
the solids which contain little nutritional value. 

The bulk of pig feed consists of cereal, soya. 



tapioca and other carbohydrate and protein sour- 
ces. The proteins in cereals are relatively poor in 
the essential amino acids lysine, methionine, 
threonine and tryptophan. In addition to certain 

5 vitamins and growth-promoting substances, these 
amino acids are therefore often added to the feed. 
The amino acids necessary for this are usually 
produced microbiologically in the L-form using a 
suitable microorganism on a nutrient medium spe- 

iq daily made up for this purpose (see, for example, t 
FR-A-2,541,867 and US-A-3.729,381 ). Chemical 
synthesis is also possible; but then we have to deal 
with stereoisomer problems which tend to increase 
the cost price. Chemical synthesis usually results 

rs in racemates so that racemate resolution is neces- 
sary in order to prepare an optically pure amino 
acid. 

Surprisingly, it has now been found that certain 
valuable amino acids, such as lysine and 

20 methionine, can be produced microbiologically us- 
ing manure as the nutrient medium. 

The Invention therefore relates to a method for 
the preparation or extraction of valuable amino ac- 
ids, such as the essential amino acids lysine and 

25 methionine, from manure of domesticated farm ani- 
mals (pigs, cattle and poultry) by inoculating said 
manure with bacteria which are capable of produc- 
ing the amino acids mentioned and allowing the 
bacteria to grow in the manure, after which th 

oo amino acids mentioned are isolated from the mix- 
ture. Other essential amino acids that can be used 
in feed like isoleucine, tryptophan and other amino 
acids shall be included in this invention. 

Bacteria which are capable of producing th 

35 amino acids referred to belong to the genera Arth- 
robacter. Bacillus. Brevibacterium, Corynebac- 
terium. Escherichia, Microbacterium, Micrococcus 
and Pseudomonas. In particular, species belonging 
to the group of "coryneform" bacteria consisting of 

40 Arthrobacter, Brevibacterium and Corynebacterium. 
appear to be particularly suitable. Suitable species 
are, for example, Brevibacterium flavum, Brevibac- 
terium lactofermentum. Corynebacterium 
gtutamicum, Arthrobacter SP B-1 and mutants 

4S thereof. Specific examples for the preparation of 
lysine and methionine are species with the follow- 
ing deposit numbers: Brevibacterium flavum ATCC 
21475. Brevibacterium flavum ATCC 21518. 
Br vibacterium lactof rm ntum ATCC 2179a Cor- 

so ynebacterium glutamicum ATCC 21608. Cor- 
ynebacterium glutamicum ATCC 21516. Arthrobac- 
ter SP B-1 ATCC 21859. 

Manure from domestic farm animals appears to 
be particularly suitabl for use in the method ac- 
cording to the invention. Semi-liquid pig manure 
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appears to give excellent results. The semi-liquid 
manure is first preferably pasteurized or sterilized 
to prevent undesirable growth of microorganisms 
and to kill pathogenic microorganisms. The method 
according to the invention may optionally also be 
carried out with the so-called "supernatant" of 
semi-liquid manure, that is to say, with the aqueous 
liquid which is obtained by decanting after settling 
or by centrifuging semi-liquid manure, and which 
contains alt the water-soluble constituents of semi- 
liquid manure. 

The composition of manure may vary within 
wide limits and is dependent, inter alia, on the type 
of animal from which the manure originates (for 
example, pigs, cattle or poultry), and on the man- 
ner in which the manure is collected. Semi-liquid 
manure from pigs or cows usually has a dry sub- 
stance content of less than 10% by weight, usually 
8-9% by weight; the organic substance content is 
usually in the region of 5% by weight; the total 
nitrogen content varies from 0.35 to 0.65% by 
weight, and the phosphate content is 0.4-0.5% by 
weight (P2O5). "More solid" manure has a moisture 
content of 65-85% by weight, an organic substance 
content of 10-20% by weight a total nitrogen con- 
tent of 0.6 to 1.0% by weight and a phosphate 
content (P2O5) of 0.5 to 0.9% by weight 

In view of the C/N ratio of semi-liquid manure, 
it is advisable to add a certain quantity of a carbon 
source to semi-liquid manure in order to utilize the 
nitrogen present as ideally and completely as pos- 
sible. Molasses, glucose or sucrose, for example, 
may be used as the carbon source to be added. 
This method also makes it possible to use sugar* 
containing waste products such as beet pulp and, 
to be specific, in a quantity which is equivalent to 
up to 200 g of glucose per kg of manure, prefer- 
ably less than 100 g of glucose equivalents per kg 
of manure. 

If the method is carried out with the total ma- 
nure and not just with the "supernatant", it may be 
beneficial to add certain enzymes to the manure 
and in particular, starch-splitting and/or cellulose- 
splitting enzymes, for example amylase and/or cel- 
lulase. In this manner, a greater portion of the 
carbon source present in the manure can be bene- 
ficially used for the microbiological synthesis of the 
amino acids. The addition of such enzymes may 
even render the addition of a carbon source to the 
manure referred to above superfluous. It is also 
possible in this manner to add a cheap starch 
product or cellulose-containing material (for exam- 
pie, agricultural waste) to the manure in addition to, 
or instead of. the sugars referred to above as a 
carbon source. In this manner, the efficiency of the 
method can be increased still further and the ma- 
nure problem reduced to minimum proportions. 
The method described makes it possible to allow 



the enzymes to act before, but preferably during, 
the fermentation process. Savings on enzyme 
costs can further be made by starting from mi- 
croorganisms which are themselves capable of 
5 amylase, pectinase, hemicellulase and/or ceilulase 
production, possibly after cloning the necessary 
genes. 

The amino acids produced by the method ac- 
cording to the invention are present in the reaction 

70 mixture in dissolved form. The working up therefore 
presents few problems. The solid constituents are 
first separated from the slurry, for example by 
centrifuging or filtration. The amino acid can be 
isolated from the aqueous phase, for example, by 

/5 means of a suitable ion exchanger such as a 
strongly acidic cation exchanger in the H form or 
the NH* form. The amino acid can be obtained in 
pure form by elution in the usual manner from the 
ion exchanger. The aqueous liquid which contains 

20 the amino acid produced may also be concentrated 
without further purification, for example by means 
of a membrane process or by concentration by 
freezing. If desired, the amino acid can additionally 
be isolated in pure form from the concentrate. 

25 which contains, in addition to the amino acid pro- 
duced by the method according to the invention, 
also water-soluble constituents of manure which 
are not consumed in the method, such as phos- 
phates, and sodium, potassium and copper salts. 

30 Said amino acid can then be used as an animal 
feed additive. However, the concentrate may also 
be used without further purification as an animal 
feed additive, if necessary after removal of toxic 
substances. 

35 Generally, copper occurs in manure because 

copper salts are added to animal feed as a growth 
promoter. It is not itself stored in the body but ends 
up in the manure and usually, therefore, in the 
environment As a result of using the concentrate 

40 as an animal feed additive, copper is recirculated. 
There is then no need, or less need, for copper to 
be added to the feed and the environment suffers 
less copper pollution. 

The phosphate is present in animal feed partly 

46 in the form of phytin which originates, for exampi , 
from soya. The domestic farm animal is insuffi- 
ciently capable of utilizing the phosphate in phytin. 
Although the phosphate which is liberated in the 
small intestine from phytin can still be absorbed by 

50 the animal, the phosphate released from phytin in 
the large intestine can no longer be absorbed so 
that said phosphate, together with unconverted 
phytin, ends up in the manure. Recirculation of said 
phosphate and the unconv rted phytin via the ab- 

55 ovementioned concentrate can already also result 
in a reduction of the phosphate pollution in the 
environment Less phosphate then has to be added 
to the feed than is the case in the present feeding 
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method. 

Phytin can be converted by the phytase en- 
zyme into phosphate which can be absorbed by 
the animal. If, therefore, the phosphate is liberated 
by means of phytase from the phytin present in the 
manure before, during or after the production of 
amino acids from manure according to the present 
method and said phosphate is recirculated, for ex- 
ample via the abovementioned concentrate, the 
phosphate pollution of the environment is reduced 
still further. A particular embodiment of the method 
according to the invention is therefore one in which 
the phosphate is liberated from phytin by means of 
phytase before, during or after the production of 
essential amino acids from manure an is recir- 
culated in this form with the other nuthonts. The 
unlocking of the phytin phosphate is preferably 
carried out during the production of amino acid. For 
this purpose, phytase is added to the reaction 
mixture and, to be specific, in a quantity which is 
sufficient to break down the phytin. If a microorgan- 
ism which makes sufficient phytase is present dur- 
ing the fermentation, the addition may be omitted. 
For example, use may be made of micoorganisms 
which, after cloning of the necessary genes, are 
themselves capable of producing phytase. The ab- 
ovementioned concentrate which can be obtained 
as the final result of said method then contains, in 
addition to the amino acid produced, not only cop- 
per which is used as a feed additive, but also 
phosphate in completely "liberated* form. Use of 
said concentrate as an animal feed additive results 
in an appreciable reduction of the pollution of the 
environment with nitrogen, copper and phosphate. 

If the aqueous phase of the slurry is con- 
centrated by a membrane process, tor example by 
means of ultrafiltration, waste water is obtained, 
which can be discharged directly into the public 
water system. 

The method according to the invention is expe- 
diently carried out at a temperature of 10-70°C and 
is preferably carried out at a temperature of 15- 
50°C. a retention of 24-144 hours usually being 
sufficient 

Using the method according to the invention, it 
is possible to produce a valuable animal feed ad- 
ditive from a troublesome waste product. Whatever 
is left of the semi-liquid manure used in addition to 
the amino acid produced or the concentrate ob- 
tained (filtered manure constituents, aqueous liq- 
uids) presents much less of a problem than the 
original semi-liquid manure. The solid residues 
mentioned can be used as manure material or soil 
improver in agriculture and horticulture. Transporta- 
tion costs present less of a problem as a result of 
— the smaller volume. The content of environmental 
pollutants such as phosphate, copper and nitrogen, 
is also lower than that of the original manure so 



that th solid r sidu s produced by said process 
from more pigs can be deposited more densely on 
the land in the production operation without giving 
rise to environmental pv rloading. The aqueous 

5 liquids which remain can often be discharged di- 
rectly. Depending on the working-up process, they 
may, if necessary, be further processed in a bio- 
logical purification plant 

The present method is capable (dependent to 

ro some extent on the chosen microorganism) of pro- 
ducing 0.5-15 g of amino acid per kg of semi-liquid 
manure or 0.2-8 g of amino acid per kg of super- 
natant thereof. The higher yields can be achieved 
on adding an additional carbon source to the reac- 

is tion mixture. Yet higher yields can be obtained 
after adding an additional nitrogen source to the 
manure. 

The invention is explained by the following 
examples. However it should be understood that 
20 the invention is not intended to be limited to the 
specific embodiment. 

Example [ 

25 

Arthrobacter SP B-1 (ATCC 21859), which is 
capable of producing lysine, was cultivated for 24 
hours at 30 °C in 8 HI (Difco) and then used to 
inoculate 1.5 kg of semi-liquid pig manure super- 

30 natant, which had been sterilized beforehand (45 
min. 120°C). at a level of 2%. 

The supernatant had a reducing substance 
content (expressed in glucose units) of 1.2 g/kg, a 
total nitrogen content of 2.7 g/kg and an ammo- 

as nium content of 2.1 g/kg. 

The culture was aerated and stirred. After 144 
hours, the fermentation was stopped and the reac- 
tion mixture was worked up in the usual manner. 
The cell debris was removed in a centrifuge and 

40 lysine was isolated from the aqueous phase by 
means of an ion exchanger (Amberiite IR-1 20 in H 
form). Yield: 0.9 g of lysine. 



4S Example II 

Example I was repeated with the difference that 
30 g of glucose was added to the supernatant after 
sterilization. Yield: 4.2 g of lysine. 

50 

Example III 

A quantity of molasses which is equivalent to 4 
ss kg of glucose was added to 100 kg of semi-liquid 
pig manure in a fermenter. The semi-liquid manure 
contained 3.7 g of reducing substance, expressed 
in glucose units, 5.5 g of total nitrogen. 4.3 g of 
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ammonium nitrogen. 4.2 g of P2O5 and 55 mg of 
copper per kg. After sterilization at pH = 6 (1 hour. 
120°C) the fermenter was inoculated with 1 litre of 
Brevibacterium flavum (ATCC 21475) which is ca- 
pable of producing lysine. The pH was adjusted by 
addition of 2N H 2 SO* or 50% w/w NaOH. The B. 
flavum culture was obtained by cultivation in a 
medium containing 10 g of yeast extract per litre 
and 20 g of glucose per litre at 30°C and pH = 7.5 
for 24 hours. The mixture in the fermenter was 
aerated and stirred for 72 hours at 30° C and pH = 
7.5. after which the fermentation was stopped and 
the slurry was worked up. The solid constituents 
were separated from teh aqueous phase in a cen- 
trifuge. The aqueous phase was concentrated by 
means of ultrafiltration to a volume of 10 litres. The 
concentrate obtained, which contained 0.6 kg of 
lysine, was used as an animal feed additive. 



Example IV 

Example Hi was repeated with the difference 
that 2.5 g of phytase (Sigma, batch no. 61 F-8025) 
were also added to the starting mixture. A con- 
centrate was obtained which contained 0.6 kg of 
lysine. 0.15 kg of "consumable" phosphorous and 
510 mg of copper. The consumable phosphorous 
was added as free inorganic phosphates. 

Example V 

The Examples I and II were repeated with the 
difference that if Cory nebacteri urn glutamicum 
(ATCC 21608). which is capable of producing 
methionine, was used as the microorganism, 0.5 
and 2.1 g respectively of methionine were ob- 
tained. 



Claims 

1. Method for preparing or extracting amino 
acids, in particular L-amino acids such as L-lysine 
and L-methionsne. from manure, characterized in 
that the manure of domestic farm animals is inocu- 
lated with bactena which are capable of producing 
the ammo acids mentioned, the bacteria are al- 
lowed to grow in the manure and the reaction 
mixture is worked up after the fermentation. 

2. Method according to Claim 1. characterized 
in that this is canted out with semi-liquid pig ma- 
nure. 

3. Method according to Claim 1 or 2, character- 
ized in that this is carried out with the supernatant 
of th semt-tiquid manure. 



4. Method according to Claims 1-3. character- 
ized in that this is carried out at a temperature of 
10-70°C. preferably at a temperature of 15-50 6 C. 
with a retention time of 24-144 hours. 
5 5. Method according to Claims 1-4, character- 

ized in that a carbon source such as molasses, 
glucose, sucrose, beet pulp or another sugar-con- 
taining agricultural waste is added to the semi- 
liquid manure. 

70 6. Method according to Claim 5. characterized 

in that a carbon source is added in a quantity of 
less than 200 g of glucose equivalents per kg of 
manure, preferably less than 100 g of glucose 
equivalents per kg of manure. 

75 7. Method according to Claims 1-6, character- 

ized in that the yield of L-lysine after the fermenta- 
tion is at least 1 g per litre of manure or 0.5 g per 
kg of supernatant 

8. Method according to Claims 1-6, character- 
so ized in that the yield of L-methionine after the 

fermentation is at least 0.5 g per kg or 0.2 g per kg 
of supernatant. 

9. Method according to Claims 1-8, character- 
ized in that species of the genera Arthrobacter, 

25 Bacillus, Brevibacterium. Corynebacterium. E- 
scherichia, Microbacterium, Micrococcus or 
Pseudomonas are used as bacteria. 

10. Method according to Claim 9. characterized 
in that species belonging to the group of 

30 "coryneforme" bacteria, consisting of Arthrobacter, 
Brevibacterium and Corynebacterium are used as 
bacteria. 

11. Method according to Claim 10, character- 
ized in that Brevibacterium flavum, Brevibacterium 

35 lactofermentum. Corynebacterium glutamicum, Ar- 
throbacter SP B-1 or mutants or variants thereof 
are used as species. 

12. Method according to Claims 9-11. char- 
acterized in that strains having the following de- 

40 posit numbers are used: ATCC 21475, ATCC 
21518. ATCC 21798. ATCC 21608, ATCC 21516. 
ATCC 21859, or mutants or variants thereof are 
used. 

13. Method according to Claims 1-12. char- 
45 acterized in that a starch-splitting and/or cellulose- 
splitting enzyme is added to the reaction mixtur . 

14. Method according to Claims 9-12. char- 
acterized in that a microorganism is used which, 
after cloning the necessary genes, is itself capable 

so of producing amylase and/or cellulase. 

15. Method according to Claims 13-14, char- 
acterized in that a material containing a starch 
source and/or cellulose is added to the reaction 
mixture. 

55 16. Method according to Claims 1-15. char- 

acterized in that th enzyme phytase is added to 
the reaction mixtur in a quantity of 10-50 mg per 
kg of manure. 
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17. Method according to Claims 9-12. char- 
acterized in that a microorganism is used which, 
after cloning the n cessary genes, is itself capable 
of producing phytase. 

18. Method according to Claims 1-17. char- 5 
acterized in that the reaction mixture is worked up 

by first separating off the solid constituents by 
centrifuging or filtration and then extracting the 
amino acid from the aqueous phase or the filtrate 
by means of a ion exchanger. io 

19. Method according to Claim 18, character- 
ized in that a strongly acid cation exchanger in the 
H form, from which the amino acid is extracted by 
elution, is used as ion exchanger. 

20. Method according to Claims 1-19, char- is 
acterized in that the reaction mixture is worked up 

by first separating off the solid constituents by 
centrifuging or filtration and then concentrating the 
aqueous phase via a membrane process or by 
concentration by freezing. 20 

21. The amino acid obtained in the method 
according to one of the preceding claims for use as 
an animal feed additive. 

22. The concentrate obtained in the method 
according to Claim 20 for use as an animal feed 25 
additive. 
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